Cells of strain SW33 T , isolated from the seawater of Asan Bay, Republic of Korea, were characterized as Gram-stainnegative, aerobic, rod-shaped, motile and non-spore-forming. Phylogenetic analysis revealed that strain SW33
The genus Psychrosphaera, a member of the family Pseudoalteromonadaceae of the phylum Proteobacteria, was first proposed by Park et al. [1] . The type species, Psychrosphaera saromensis SA4-48 T , was isolated from the brackish water of Lake Saroma, Japan. The cells are Gram-stainnegative, motile, coccoid-or ellipsoidal-shaped, aerobic, oxidase-positive, catalase-negative and non-pigmented. Chemotaxonomic characteristics include the only respiratory quinone Q-8 and a G+C content of 38.7 mol%. The genus description was edited by Lee et al. [2] who reported a range of G+C content from 38.7 to 49.5 mol% and proposed another two species, Psychrosphaera aestuarii PSC101
T and Psychrosphaera haliotis KDW4 T , isolated from a marine environment in South Korea. Cells of the two species were described as being Gram-stain-negative, rod-shaped, aerobic, motile by means of a single polar flagellum, and oxidase-and catalase-positive. Here, we report the characterization of strain SW33
T , which shares the characteristic features of the genus Psychrosphaera, by analysing its morphological, genotypic and chemotaxonomic position to propose its taxonomic affiliation.
Strain SW33
T was isolated from a seawater sample collected from Asan Bay, South Korea (36 58¢ 43 † N, 126 47¢ 55 † E). The sample was serially diluted and plated on Difco marine agar 2216 (MA) under aerobic conditions and incubated at 25 C for 7 days until the colony formed. The purified isolate was maintained on MA plates and preserved at À80 C in a 15 % glycerol solution. The reference strains, P. saromensis SA4-48 T (=KCTC 23240 T ), P. haliotis KDW4 T (=KCTC 22500 T ) and P. aestuarii PSC101 T (=KCTC 32274 T ), were obtained from the Korean Collection for Type Cultures.
Bacterial genomic DNA was extracted and purified with the Qiagen Genomic DNA extraction kit following the manufacturer's instructions (Qiagen). The 16S rRNA gene of SW33 T was amplified and sequenced using the universal bacterial primers: 27F (5¢-AGA GTT TGA TCC TGG CTC  AG-3¢) and 1492R (5¢-GGT TAC CTT GTT ACG ACT T-3¢) GGG AGG CWG CAG-3¢), 785F (5¢-GGA TTA GAT ACC  CTG GTA-3¢) and 518R (5¢-GTA TTA CCG CGG CTG G-3¢) , were used to sequence the 1467 bp of the 16S rRNA gene. The sequencing of the gene was carried out in an ABI3730XL automated sequencer (Applied Biosystems) by BioFact (Daejeon, Republic of Korea). The taxonomic position of the strain was analysed by using the EzBiocloud server (www.ezbiocloud.net) [3] . The sequences of the related strains retrieved from EzBiocloud and GenBank were edited by using BioEdit [4] and aligned with CLUSTAL X [5] . A phylogenetic tree was reconstructed by using neighbour-joining [6] , maximum-likelihood [7] and maximum-parsimony methods [8] in MEGA7.0 [9] . Tree topologies were evaluated by bootstrap analysis based on 1000 replicates [10] .
Cells of strain SW33
T grown on MA at 25 C for 24 h were used to examine morphology and motility by using light and transmission electron microscopy. Gram-staining was done with the BD Gram-stain kit according to the manufacturer's instructions. The temperature range for growth was determined by incubating the culture on MA plates at 4, 10, 15, 20, 25, 30, 37 and 45 C. The pH range for growth was tested with marine broth at 25 C for 3 days. To adjust the pH, the following biological buffers were used: Na 2 HPO 4 / NaH 2 PO 4 for pH 5-7 and Na 2 CO 3 /Na HCO 3 for pH 8-11 [11] . Growth at various concentrations of NaCl (0-8.0 % at increments of 1.0 %) was investigated by supplementing the appropriate concentrations of NaCl in R2A broth (MB Cell) and incubating at 25 C. The catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . The cytochrome oxidase activity was determined with an oxidase reagent (bioM erieux). DNase activity and starch hydrolysis were determined with DNase and starch agar supplemented with 2 % NaCl (w/v) (Difco BD), respectively. Spores were stained with 5 % malachite green and observed with light microscopy [12] . Growth under anaerobic conditions was checked by incubating the strain for 7 days at 25 C in an anaerobic gas pack (BD GasPak) using MA and MA supplemented with 0.1 % NaNO 3 (w/v). Agarolytic activity was recorded on agar medium by culturing the strain on MA containing 1.5 % agar (w/v). Acid production from carbon sources was determined with the API 50CH system (bio-M erieux). Other biochemical characteristics and enzyme activities were analysed by using the API ZYM and API 20NE test strips (bioM erieux) following the manufacturer's instructions. All suspension media for the API test strips were supplemented with 2 % NaCl (w/v) solution (final concentration). Resistance or susceptibility to antibiotics was tested on MA with antibiotic discs (Liofilchem) containing the following (g per disc): ampicillin (10), carbenicillin (100), chloramphenicol (30), erythromycin (15) For cellular fatty acid analysis, strain SW33
T and the three reference strains, P. saromensis KCTC 23240 T , P. haliotis KCTC 22500
T and P. aestuarii KCTC 32274 T , were grown at 25 C for 2 days on MA, and the cells were harvested at the early exponential phase. The cellular fatty acid was extracted and analysed by gas chromatography with the Microbial Identification System (MIDI 6.0) software package (TSBA6.0). Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), purified by thin-layer chromatography (TLC) on Kieselgel 60 F254 plates (20Â20 cm, Merck) and petroleum ether/diethyl ether (9 : 1, v/v) as the solvent, visualized under UV light and analysed by reversephase high-performance liquid chromatography (HPLC) at a flow rate 1 ml min À1 [13] . Polar lipids were extracted and separated by two-dimensional TLC and identified with ninhydrin, a-naphthol, molybdenum blue and 5 % molybdatophosphoric acid reagent spray [14] . The G+C content of the strain SW33
T genomic DNA was determined by HPLC with Escherichia coli KCTC 2441 T DNA as the reference strain [15] . DNA-DNA hybridization was performed between strain SW33
T and P. saromensis KCTC 23240 T , P. haliotis KCTC 22500
T and P. aestuarii KCTC 32274 T according to the method of Ezaki et al. [16] . The DNA samples were hybridized for 4 h at 41 C.
Strain SW33 T formed circular, smooth and convex colonies with an off-white colour on MA within 2 days. Cells were Gram-stain-negative, motile by means of a single polar flagellum, non-spore-forming, rod-shaped, 0.3-0.5 µm wide and 1.2-1.7 µm long (Fig. S1 , available in the online Supplementary Material). The growth appeared to be chemoheterotrophic under aerobic conditions at a pH range of 6-9 and a temperature range of C with an optimum pH and temperature of 7-8 and 25-30 C, respectively. Growth under anaerobic conditions by fermentation or denitrification was not observed. Strain SW33
T was able to grow in the presence of 1-5 % NaCl with an optimum NaCl concentration of 2-3 %; however, no growth occurred without NaCl or with more than 5 % NaCl. Strain SW33
T was susceptible to ampicillin, carbenicillin, chloramphenicol, erythromycin, gentamicin, kanamycin, nalidixic acid, neomycin, novobiocin and vancomycin, but resistant to lincomycin, penicillin G, streptomycin and tetracycline.
The nearly complete 16S rRNA gene sequences (1467 bp) of strain SW33
T were determined. Pairwise comparisons of the T . W, weakly positive; +, positive; À, negative. For enzyme activities, all strains were positive for acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, naphtol-AS-BI-phosphohydrolase and valine arylamidase, but negative for N-acetyl-b-glucosaminidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase. For the API 50 test, all strains were positive for L-arabinose, D-glucose, D-fructose, D-mannose and D-mannitol, but negative for D-adonitol, L-fucose, inulin, melezitose, methyl-b D-xylose, potassium gluconate, potassium 2-ketogluconate, potassium 5-ketogluconate, raffinose, salicin, D-tagatose, D-lyxose and L-xylose. All data were obtained from this study except for the G+C contents of P. saromensis KCTC 23240 T , P. haliotis KCTC 22500 T and P. aestuarii KCTC 32274
T , which were taken from Lee et al. [2] .
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Enzyme activities: , respectively. The phylogenetic tree reconstructed by using the neighbour-joining method revealed that strain SW33
T should be placed within the genus Psychrosphaera because it formed a branch with P. saromensis SA4-48 T , and clustered with 100 % bootstrap support with P. haliotis KSW4 T and P. aestuarii PSC101 T (Fig. 1) . The tree topologies generated with the neighbour-joining, maximum-likelihood and maximum-parsimony methods were essentially the same (data not shown). The DNA relatedness values between strain SW33
T and the type strains of P. saromensis KCTC 23240 T , P. haliotis KCTC 22500 T and P. aestuarii KCTC 32274 T were 22, 23 and 18 %, respectively, which is sufficiently low for the differentiation of novel species [17] . The only respiratory quinone was Q-8, as confirmed by HPLC analysis. The polar lipid profile of strain SW33
T consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and an unidentified amino lipid (Fig. S2 ).
Strain SW33
T showed several characteristics consistent with those of the genus Psychrosphaera, such as non-pigmented cells, ability to grow aerobically by chemoheterotrophy, motility by means of a single polar flagellum, and Q-8 being the only isoprenoid quinone. However, strain SW33
T could be differentiated from the other species of genus Psychrosphaera by its biochemical and chemotaxonomic characteristics. Psychrosphaera saromensis has a different cell shape and lacks catalase activity. The agarolytic activity of strain SW33
T was negative while those of strain P. haliotis KCTC 22500 T and P. aestuarii KCTC 32274 T were positive [2] . The other characteristics which support separation of strain SW33
T from the other species of genus Psychrosphaera are summarized in Table 1 . Moreover, cellular fatty acid profiles distinguished strain SW33
T from the other species of genus Psychrosphaera. The predominant cellular fatty acids (>10 %) of strain SW33 T were C 16 : 0 , summed features 3 (C 16 : 1 !7c/C 16 : 1 !6c) and 8 (C 18 : 1 !6c or C 18 : 1 !7c); the minor fatty acids were C 14 : 0 , C 17 : 0 , C 18 : 0 , C 15 : 1 !8c, C 16 : 1 !9c, C 17 : 1 !6c, C 17 : 1 !8c, C 10 : 0 3OH, C 12 : 1 3OH and C 16 : 0 3OH. The levels of major fatty acid C 16 : 0 (27.9 %) and summed feature 3 (32.2 %) were higher than those in P. saromensis KCTC 23240 T , P. haliotis KCTC 22500 T and P. aestuarii KCTC 32274
T . The amounts of C 15 : 1 !8c and C 17 : 1 !8c were lower compared to the other three species. Significant differences in the proportions of several fatty acids were found between the isolate and the reference strains; C 9 : 0 was absent, unlike P. haliotis KCTC 22500 T and P. aestuarii KCTC 32274
T . Saturated chain C 15 : 0 was not found in the isolate while strain P. saromensis KCTC 23240 T contained 2.3 % of it. Iso-C 14 : 0 , iso-C 16 : 0 and C 15 : 1 !6c were found in strain P. saromensis KCTC 23240 T but were not recovered from the novel isolate. Moreover, C 18 : 1 !7c 11-methyl was not found in SW33
T but was found in P. haliotis KCTC 22500
T and P. aestuarii KCTC 32274 T . The detailed comparison of the cellular fatty acid profile of SW33 T and related species is listed in Table 2 .
Based on the results of this polyphasic study, it is obvious that strain SW33
T represents a novel species of the genus Psychrosphaera, for which the name Psychrosphaera aquimarina sp. nov. is proposed.
DESCRIPTION OF PSYCHROSPHAERA AQUIMARINA SP. NOV.
Psychrosphaera aquimarina (a.qui.ma.ri¢na. L. fem. n. aqua, water; L. adj. marinus, from the sea; N.L. fem. adj. aquimarina, from seawater). Cells are Gram-stain-negative, motile, aerobic, chemoheterotrophic, non-spore-forming and rod-shaped. Growth occurs at 10-30 C at pH 6.0-9.0 in the presence of 1.0-5.0 % (w/v) NaCl whereas optimum growth occurs at 25-30 C at pH 7.0-8.0 in 2.0-3.0 % (w/v) NaCl. Tests for catalase and oxidase activities are positive. Growth under anaerobic conditions is not observed. Negative for nitrate reduction, and indole is not produced from tryptophan. Tests for starch hydrolysis is positive, but those for agar hydrolysis and DNase activity are negative. In API ZYM tests, activities of alkaline phosphatase, acid phosphatase, cystine arylamidase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, naphtol-AS-BI-phosphohydrolase, valine arylamidase and trypsin activities are Funding information
